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A b s t r a c t  
A method to identify the P-arrival of microseismic signals is pro-
posed in this work, based on the algorithm of intrinsic timescale decom-
position (ITD). Using the results of ITD decomposition of observed data, 
information of instantaneous amplitude and frequency can be deter-
mined. The improved ratio function of short-time average over long-time 
average and the information of instantaneous frequency are applied to the 
time-frequency-energy denoised signal for picking the P-arrival of the 
microseismic signal. We compared the proposed method with the wave-
let transform method based on the denoised signal resulting from the best 
basis wavelet packet transform and the single-scale reconstruction of the 
wavelet transform. The comparison results showed that the new method 
is more effective and reliable for identifying P-arrivals of microseismic 
signals. 
Key words: micro-earthquake, P-arrival, ITD, time-frequency analysis, 
denoising. 
1. INTRODUCTION 
Microseismic monitoring technology provides a good method for monitoring 
rock mass rupture during exploration and excavation. For early warning of 
rupture and to prevent damage caused by rock mass fracture, a rapid and re-
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liable monitoring method is needed to detect and accurately identify the arri-
val of the first microseismic signal. 
As microseismic signals from mining activities usually propagate over 
short distances, the STA/LTA (the ratio of the Short Time Average over the 
Long Time Average) method of amplitude change is often used, with the 
first arrival of the P-wave taken as the trigger point. Although improved de-
tection functions were developed (Allen 1978, 1982, McEvilly and Majer 
1982, Baer and Kradolfer 1987, Earle and Shearer 1994), detecting the first 
arrival can result in a rough estimate because the accuracy of the STA/LTA-
based method depends on the length of the time window and the predefined 
threshold (Ma 2008). Ye et al. (2008) used the maximum energy ratio of two 
time windows to detect the first arrival of microseismic waves. With this 
method, the results are still affected by the length of the time window and 
the shape of the waveform. In other studies that identified the first arrival of 
seismic waveforms (Zhang et al. 2003, Bai and Kennett 2000, Liu et al. 
2013), large deviations exist between the real arrivals and the P-wave pick-
ing results (Dai and MacBeth 1995). 
To overcome the difficulties mentioned above, in this paper, we intro-
duce the method of intrinsic timescale decomposition (ITD) (Frei and Osorio 
2007) and propose a highly accurate and efficient algorithm for identifying 
the first P-arrival of microseismic signals. Based on the time-frequency-
energy denoised instantaneous amplitude and frequency information that 
was obtained, an algorithm that accurately identifies the P-arrival is present-
ed by using four parameters. Based on the instantaneous piece-wise constant 
amplitude and instantaneous frequency information, the thresholds for the 
identification scheme are easier to predefine and the adaptive calculation 
time window for the STA/LTA calculation can be derived. We apply this 
method to simulated and real data and show that the proposed method can 
accurately identify the first P-arrival of seismic signals, providing a feasible 
technological approach for detecting P-wave arrivals. 
2. INSTANTANEOUS  TIME-FREQUENCY-ENERGY  INFORMATION 
EXTRACTION  AND  DENOISING 
2.1 Inherent timescale decomposition algorithm 
Given the signal Xt, the operator L is defined whereby the baseline signal Lt 
can be extracted from the signal Xt so that the residual signal Ht is a proper 
rotation. Hence, Xt can be decomposed as Lt and Ht .  Let {k, k = 1, 2, …} be 
the local extrema of Xt, Xk, and Lk denoted X(k) and L(k), respectively, then 
the baseline signal Lt on the interval  (k , k+1]  between successive extrema is 
as follows (Frei and Osorio 2007): 
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and  is set as 0.5. The residual signal Ht is as follows: 
 .t t t tH HX X L    (3) 
To make the residual function monotonic between extrema, as required 
for proper rotations, the baseline is constructed as a linearly transformed 
contraction of the original signal. Once the original signal is decomposed, 
the decomposition can be applied to the baseline signal again. The decompo-
sition procedure is iterated several times. Finally, the original signal can be 
decomposed into a series of proper rotation components of successively de-
creasing instantaneous frequencies at each subsequent level and a low-
frequency baseline signal. The decomposition iterative process is as follows 
(Frei and Osorio 2007): 
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where HLkXt is the proper rotation of the (k + 1)th level, and LpXt is the ex-
tracted lowest frequency baseline. 
Through the operator L, the inherent information of the original signal Xt 
(for example the extremum position) can be passed down to the baseline and 
the residual parts. The residual component Ht and baseline Lt can be mono-
tonic on the interval (k , k+1], the extrema  {k , k  1}  of Ht coincide with the 
extrema of Xt , and the extrema  {k , k  1}  of Xt are the extrema or inflection 
points for Lt . The initial decomposition of the signal on the interval [0, 1] 
can be extended to values of  t < 0  by reflections. Incomplete waves at the 
beginning and/or end of Ht , i.e., data prior to the first zero up-crossing or af-
ter the last zero up-crossing may be treated according to these definitions 
over the appropriate subinterval of [t1, t5]. Ht is a proper rotation on the in-
terval [1 , N] for any  N  1. The proof is as follows (ITD; Frei and Osorio 
2007). 
Assuming that Xt has a local maximum at k and adjacent local minima at 
k-1  and  k+1 , then Ht has a local maximum at k and is monotonic on [k+1 , k] 
and on [k , k+1] because: 
 
   






t K t K k k
t t t




   
   

  
         
 (5) 
IDENTIFYING  MICRO-SEISMIC  P-ARRIVAL  USING  ITD 
 
471 
where  K = (Lk – Lk–1)/(Xk – Xk–1), k. 
If Xt is monotonic on [k-1 , k] and on [k , k+1], then Ht is monotonic on 
[k-1 , k]  and on  [k , k+1]. 
If  Lk–1 > Xk–1 ,  Lk+1 > Xk+1 , and Lk < Xk  then  Hk–1 = Xk–1 – Lk–1 < 0,  
Hk = Xk – Lk > 0,  and  Hk+1 = Xk+1 – Lk+1 < 0. Therefore, Ht has a local maxi-
mum at  t = k. 
2.2  The extraction of instantaneous information 
When a microseismic signal is decomposed into a series of intrinsic rotation-
al components and a low-frequency baseline signal using ITD, the inherent 
instantaneous time-frequency-energy information of the input signal can be 
obtained by analyzing the morphology and other features of the waves. Spe-
cifically, for the intrinsic rotational components, based on the single waves 
and their monotonic segment between adjacent extrema, we get the instanta-
neous amplitude information, which is piece-wise constant, and the constant 
value is determined by the extremum values of the proper rotations between 
zero crossings from the signal Xt. For one full wave (i.e., the portion of the 
signal between successive zero up-crossings) at a time, the instantaneous 
amplitude information is as follows (Frei and Osorio 2007): 
 1 1 3
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where  A1 > 0  and  A2 > 0  are the absolute amplitude of the positive and 
negative half-waves between successive zero up-crossings t1 and t5, respec-
tively, and t2 is the time of the positive half-wave maxima (A1), t3 is the time 
of the zero down-crossing, and t4 is the time of the negative half-wave mini-
ma (A2). 
In accordance with the instantaneous amplitude, the instantaneous fre-
quency is also piece-wise constant and can be computed between times of 
successive extrema of the ITD-generated proper rotation components, as fol-
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At the beginning of a proper rotation component, the incomplete waves, 
i.e., the data prior to the first zero up-crossing, or the incomplete waves at 
the end of a proper rotation component, i.e., the data after the last zero up-
crossing, may be processed according to these definitions over the appropri-
ate subinterval of  [t1 , t5]. 
2.3  ITD-based time-frequency-energy denoising 
The accuracy of the detection of the first arrival is dependent on the SNR of 
the recorded signals; therefore denoising is an important stage of the arrival 
detection process. It is necessary to reduce the interference noise of the 
microseismic signals as much as possible. As any slight noise, distortion, or 
phase shift on the first arrival can result in an incorrect time picking 
(Galiana-Merino et al. 2003), a denoising method based on ITD (Zhang et 
al. 2012) is more suitable for detecting the seismic signal because the abrupt 
change of the amplitude at the beginning of the first pulse is preserved. We 
therefore apply the ITD method to the microseismic signals. 
To carry out ITD-based time-frequency-energy denoising, two steps are 
needed: (i) the instantaneous frequencies and instantaneous amplitudes are 
extracted for each of the ITD-generated proper rotation components of the 
original signal; and (ii) the denoised components are obtained by using the 
amplitude thresholds and period (frequency) thresholds. 
The decomposition levels are dependent on the ratio of the average am-
plitude energy of the denoised components to the amplitude energy of the to-
tal denoised signal. Generally, we used the first several components 
containing the main frequency bands of a microseismic event. Ultimately, 
the time-frequency-energy denoised instantaneous amplitude signal and fre-
quency characteristics were obtained for the first pulse detection. 
Figure 1 illustrates the process of ITD-based time-frequency-energy 
denoising. First, a synthetic signal was generated at frequencies of 6, 7, and 
10 Hz (Fig. 1a). The synthetic signal begins at 3 s, using a sample frequency 
of 200 Hz. The pure synthetic signal was contaminated with Gaussian noise 
so that the SNR is 10 dB (Fig. 1b). Figure 1c shows the original decomposed 
piece-wise constant instantaneous amplitude of the first four components, 
and Fig. 1d shows the original piece-wise constant instantaneous period of 
the first four components. Figure 1e shows the denoised instantaneous am-
plitude of the first four components, and Fig. 1f shows the filtered instanta-
neous period of the first four components. Using the ITD method, the level-
dependent amplitude thresholds and frequency thresholds were applied ac-
cording to the noise samples, which were several seconds ahead of the signal 
(Zhang et al. 2012); meanwhile the denoised instantaneous amplitudes were 
filtered by the high-frequency thresholds and the instantaneous period in- 
 











































   
   
   
   
   
   
   

























   
   
   
   
   
   
   
   






















   
   
   
   
   
   
   




























   
   
   
   
   
   
   
   

























Fig. 1. Denoising process for a contaminated synthetic signal using the ITD method:
(a) pure synthetic signal generated by several sine waves damped by an exponential,
(b) synthetic signal contaminated by Gaussian noise, (c) the original piece-wise con-
stant amplitude of the first four components, (d) the original piece-wise constant pe-
riod of the first four components, (e) time-frequency-energy denoised instantaneous
amplitude of the first four components, (f) filtered instantaneous period of the first
four components, (g) denoised amplitude from the first three amplitude components,
and (h) equivalent period calculated from the first two components. 
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formation was also dependent on the denoised amplitude information. The 
extrema of the denoised discomposed components coincide with those of the 
original signal, and the instantaneous period components are in good agree-
ment with the instantaneous amplitude components, demonstrating the ad-
vantage of the proposed method for first arrival detection. 
Table 1 presents the average amplitude and frequency of the denoised 
first four components. The two maximum energy components of levels 2 and 
1 account for 80% of the total energy. The energy from level 4 and subse-
quent levels comprises nearly 9% of the total energy, the frequency of level 
3 is lower than the generated frequency, and further decomposition is not 
needed. The sum of the first three amplitude components that contain the 
components of the three maximum energy levels as the instantaneous ampli-
tude information is reasonable (Fig. 1g). We use the equivalent period as the 
instantaneous frequency information (Fig. 1h). The equivalent period is the 
energy-weighted sum of the frequency components by the average amplitude 
ratio of the two maximum energy components. The equivalent average fre-
quency of levels 2 and 1 is 6.89 according to this conversion which is a good 
estimate of the main frequency of 7. 
Table 1  









1 6.92 0.0098 11.2 
2 6.88 0.0602 69.0 
3 3.76 0.0095 10.9 
4 1.39 0.0033 3.8 
 
3. THE  PROPOSED  ALGORITHM 
An algorithm for the first pulse identification was proposed based on the 
denoised piece-wise constant amplitude and the equivalent period (frequen-
cy) information. First, the thresholds of the instantaneous amplitude ratio 
(STA/BTA) and the instantaneous period (FSTA) were predefined. STA is 
the maximum amplitude of the half-wave that the detected point belongs to, 
BTA is the maximum amplitude of the wave that the previous point belongs 
to, and FSTA is the instantaneous period average of the half-wave that the 
detected point belongs to. When STA/BTA and FSTA exceed their prede-
termined thresholds, the average amplitude ratio (LTA/BTA) and the aver-
age period (FLTA) in the next period of time of the signal will be calculated 
based on the information of that period. LTA and FLTA are the long-term-
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average amplitude and the average period of the next consecutive period 
time related to the detected point, respectively. When LTA/BTA and FLTA 
are larger than their predetermined thresholds, this indicates that a micro- 
seismic event is occurring. The first two parameters ensure that the instanta-
neous amplitude and period are consistent with a microseismic event. The 
last two parameters can prevent a false detection caused by individual dis-
turbance fluctuations. The detailed steps are as follows: 
 The original signals are decomposed by ITD and the components of 
the first three or four levels are generated; the four components generally 
contain the three maximum energy levels and include the main frequency 
bands of the original signals. 
 Instantaneous amplitude and period (frequency) information is ex-
tracted from the decomposition components. The instantaneous amplitude 
components are denoised and the period components are filtered by level-
dependent amplitude thresholds and level-dependent period thresholds, re-
spectively. The denoised instantaneous amplitude is filtered by the high-
frequency threshold and the instantaneous period is also dependent on the 
denoised amplitude information; thus, the amplitude and period information 
are interdependent. 
 The first several levels (generally three levels) of the denoised am-
plitude components are summed as the instantaneous amplitude information; 
these components contain the two maximum energy levels. The energy-
weighted period components of the two maximum energy levels are summed 
as the equivalent period information; the weighted coefficients may be de-
termined by the average amplitude ratio of the two maximum energy levels 
(such as levels 1 and 2 in Table 1). 
 STA/BTA and FSTA are detected for each point. When FSTA and 
STA/BTA are higher than the two predefined thresholds, the next step is fol-
lowed. 
 LTA and FLTA of the next consecutive period time connected with 
the detected point are calculated. The optimum time window for calculating 
LTA and FLTA depends on the period information. If LTA/BTA and FLTA 
are higher than the two thresholds then a phase arrival is affirmed and the 
first-arrival time is determined.  
The first-arrival is defined as the first sample where all four parameters 
(STA/BTA, FSTA, LTA/BTA, and FLTA) exceed their thresholds. As the 
instantaneous piece-wise constant amplitude is determined by the extremum 
values between the zero crossings rather than by the transient amplitude, it is 
easy to predefine the amplitude threshold for the first-arrival detection be-
cause the abrupt extremum value is far larger than the low transient ampli-
tude value at the beginning of a pulse. For a routine transient amplitude 
signal, because of the low transient amplitude at the beginning of the first 
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pulse, the threshold is difficult to predetermine and often gives false picking 
results. Based on the period (frequency) information of the signal, the loca-
tion of the next wave information can be determined; therefore, the adaptive 
time window can be obtained for the proposed algorithm.  
It is worth mentioning that as the proposed scheme is applied to the pre-
viously denoised signal, there may be a number of samples preceding the 
first arrival that were reduced to zero or to a very low value, which could 
produce a low BTA value. Therefore, stability factors should be introduced 
when calculating the ratio-related values. 
4. MODELING  RESULTS  BY  MATLAB 
To evaluate the proposed method, first-arrival identification was performed 
for the contaminated synthetic signal of Fig. 1b, first by the proposed meth-
od and then using the wavelet transform (WT) method, and the results were 
compared. 
The first-arrival detection of the proposed method is illustrated in 
Fig. 2a. The equivalent periods were calculated from the instantaneous peri- 
 
Fig. 2. First-arrival identification by two methods for the contaminated synthetic 
signal shown in Fig. 1b: (a) the absolute denoised amplitude and equivalent period 
used by the proposed method and the picking result, (b) the local magnified drawing 
near the picking results of Fig. 2a, (c) the normalized absolute reconstructed signal 
used by the WT method and the picking result, and (d) the local magnified drawing 
near the picking results of Fig. 2c. 
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od components of levels 1 and 2; the energy weighted coefficients are the 
average amplitude ratios of the two maximum energy components. The in-
stantaneous amplitude signals used the sum of the first two denoised ampli-
tude components including the two maximum energy levels. The thresholds 
of FSTA and FLTA were estimated based on the equivalent period threshold 
for period filtering and the average equivalent period, respectively. The 
thresholds used for STA/BTA, LTA/BTA, FSTA, and FLTA were 1.5, 1.5, 
0.03, and 0.06, respectively. The automatic first-arrival picking result was 
3.000 s, indicated by the vertical dashed line. 
The WT method of first-arrival detection uses the normalized single-
scale reconstructed signals by wavelet transformation of the denoised sig-
nals. The denoised signals were obtained through the optimum wavelet 
packet transform methods by using a node-dependent threshold of the noise 
(Zhang et al. 2011). The first-arrival times were detected by the parameter 
thresholds of STA/LTA and LTA. When the ratio of STA/LTA and LTA ex-
ceeded their predetermined thresholds, the first P-arrival time was identified 
(Galiana-Merino et al. 2007) 
The Daubechies 8 orthogonal mother wavelet (Daubechies 1992) was 
employed, four levels of decomposition were used for the WT algorithm, 
and a normalized single-scale reconstructed signal of the 4th scale was ob-
tained for the first-arrival detection. The normalized absolute single-scale re-
constructed signal used by the WT method is shown in Fig. 2c. The 
calculation time windows used for the WT algorithm were: an STA window 
of 20 samples (the sampling rate of the signal was 5 ms, equivalent to one 
period of a 10-Hz pulse), an LTA window of 80 samples (four times the 
STA window length). The threshold of STA/LTA was 2.6, and that of LTA 
was 0.002. The automatic picking result indicated by the long vertical 
dashed line is 3.000 s. 
Figure 2b and d shows a magnified view of Fig. 2a and c near the first-
arrival picking results of the two methods, respectively. The picking point of 
each method is indicated by a vertical dashed line. 
For the proposed method, the instantaneous amplitude and equivalent pe-
riod of the original signal are obtained, and the denoised amplitude preserves 
the sudden change of amplitude at the beginning of the first pulse, as well as 
prevents the distortion and phase shift phenomenon (Fig. 2b). Moreover, the 
instantaneous equivalent period of the original signal that is consistent with 
its amplitude information provides an important evaluation criterion for the 
first pulse identification. This suggests that the proposed method provides 
better identification of the first pulse. The WT denoised waveform (Fig. 2d) 
is smooth; however, because of the inherent characteristic of the wavelet, 
distortion, and a phase-shift phenomenon occur in the denoised reconstruct-
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ed signal at the beginning of the first arrival; this can easily lead to an identi-
fication of the first arrival earlier than it actually was. 
5. APPLICATION  EXAMPLES 
Two applications of the two methods are illustrated as follows.  
Figure 3 shows the first-arrival picking results for manmade blasting 
signals of high SNR using the two methods mentioned above. The six 
original signals of the manmade blasting are shown in Fig. 3a. The equiva-
lent periods used by the proposed method are presented in Fig. 3b. In 
Fig. 3c, the denoised amplitude information used by the proposed method 
and the denoised normalized single scale reconstructed signals used by the 
WT method are compared with the original signals.  
For the first arrival detection by the proposed method, the first maximum 
energy level is level 2 and the second maximum energy level is level 3 for 
all signals. Therefore, the equivalent periods were all calculated from the in-
stantaneous period components of levels 2 and 3; the instantaneous ampli-
tude signals used the sum of the first three amplitude components including 
the two maximum energy levels. The first component of level 1 can be ig-
nored because of its very low energy and high frequency. The identification 
thresholds used here for STA/BTA, LTA/STA, FSTA, and FLTA are 1.5, 
1.5, 0.002, and 0.004, respectively.  
For the first arrival detection by the WT method, the threshold of 
STA/LTA was 2.6, and that of LTA was 0.001. The main frequency band 
derived from the FFT of the original signals was 10-60 Hz. The time win-
dows for the calculation were: an STA window of 50 samples (the sampling 
rate of the signal is 0.2 ms, equivalent to half a period of a 50-Hz pulse), and 
an LTA window of 200 samples (four times the STA window length). 
Table 2 shows the automatic picking results of the proposed method and 
the WT method and their errors compared with the manual picking results. 
As the original manmade blasting signals have a high SNR, the manual re-
sults have small errors compared with the real results. The difference be-
tween the automatic picking results and the manual results may be taken as 
the errors of the picking results.  
The first-arrival picking results for low SNR microseismic signals by the 
two automatic methods are shown in Fig. 4. Figure 4a shows the waveforms 
of six microseismic signals recorded in a mine. The equivalent periods used 
by the proposed method are presented in Fig. 4b. The amplitude information 
used by the proposed method and the normalized reconstructed signals used 
by the WT method compared with the original signals near the picking re-
sults are shown in Fig. 4c. 
In the proposed method, the two maximum energy levels are levels 2 
and 3 for signals S1-S6  except of S4;  the maximum energy level  for  S4  is 





Fig. 3. First-arrival 
identification for 
six manmade blast-
ing signals by two 
automatic methods: 
(a) the six original 
signals of man- 
made blasting, 
(b) period infor-
mation used by the 
proposed method 
near the picking re-
sults, and (c) com-
parison of the 
amplitude used by 
the proposed meth-
od and the normal-
ized single scale 
reconstructed sig-
nals used by the 
WT method with 
the original signals 
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Table 2  





Proposed method WT method 
Results Error* Results Error* 
1 7.7030 7.7038 0.0008  7.7062 0.0032 
2 7.7030 7.7014 –0.0016  7.6970 –0.0060 
3 7.7020 7.7008 –0.0012  7.6962 –0.0058 
4 7.7010 7.7020 0.0010  7.7032 0.0022 
5 7.7070 7.7048 –0.0022  7.7106 0.0036 
6 7.7010 7.6998 –0.0012  7.6960 –0.0050 
*)The error means the difference between the manual picking result and the auto-
mated methods result. 
level 1. For consistency, the amplitude signals and the equivalent periods 
were calculated by using the first two maximum energy levels for all the sig-
nals. The thresholds for STA/BTA, LTA/STA, FSTA, and FLTA were 1.5, 
1.5, 0.001, and 0.002.  
For the WT method, the threshold of STA/LTA was 2.6 and the thresh-
old of LTA was 0.003. The main frequency band of the original signals was 
50-150 Hz. The time windows for the calculation were: an STA window 
of 50 samples (signal sampling rate of 0.2 ms, equivalent to a period of a 
100-Hz pulse), and an LTA window of 200 samples (four times the STA 
window length). 
Table 3 shows the automatic picking results of the proposed method and 
the WT method and their errors compared with the manual picking results. 
As the microseismic signals have low SNR, the manual results are less relia-
ble than those of the manmade blasting signals. The errors of the automatic 
picking results were also estimated from the difference between the automat-
ic picking results and the manual results. 
Comparing the results from Tables 2 and 3, the errors of the WT method 
were bigger than the errors of the proposed method in most cases, and were 
less than those of the proposed method in a few cases. For high SNR signals, 
the differences between the proposed method and the manual results are less 
than 0.00±0.002 s in most cases; for low SNR signals, the errors of the pro-
posed method are within 0.00±0.003 s in most cases; if the discomposed 
components of level 4 were included in the amplitude and the period infor-
mation for low SNR microseismic signals, the errors between the proposed 
method and the manual results would be less, especially for signal S6 in 
Fig. 4. 
In fact, the WT denoised signals were roughly the same as the ITD 
denoised signals in most cases.  For the high-SNR signals,  the WT denoised 




Fig. 4. First-arrival 
identification for 
six microseismic 
signals by the two 
automatic meth-
ods: (a) time series 
of six original 
microseismic sig-
nals, (b) period in-
formation used by 
the proposed 
method near the 
picking results, 
and (c) amplitude 
information used 
by the proposed 
method and the 
normalized recon-
structed signals 
used by the WT 
method compared 
with the original 
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Table 3  





Proposed method WT method 
Results Error* Results  Error* 
1 5.1250 5.1262 0.0008 5.1322 0.0072 
2 5.1220 5.1224 0.0004 5.1216 –0.0004 
3 5.1210 5.1224 0.0014 5.1172 –0.0038 
4 5.1200 5.1202 0.0002 5.1352 0.0152 
5 5.1230 5.1200 –0.0030 5.1228 –0.0002 
6 5.1190 5.1244 0.0054 5.1168 –0.0022 
*)The error means the difference between the manual picking results and those of the 
automated methods. 
signals showed excellent accuracy and were smoother, especially for the first 
wave arrival. The main reason for the bigger picking errors of this method is 
the criterion for the first-pulse identification. For signals in the wide main 
frequency bands, only amplitude information can be used for the detection, 
and parameters such as the window length and thresholds which affect the 
accuracy of the picking results are difficult to determine, especially for low 
SNR signals. For low SNR signals, there are obvious noise wave in the 
denoised reconstructed signals, which may lead to incorrect picking results. 
The picking results of the WT method depend mostly on the LTA threshold; 
thus, when the time window or the thresholds change, the results will change 
accordingly.  
For the ITD method, the denoised signals preserved the sudden change 
of the amplitude at the first-arrival, as well as extracting the period infor-
mation consistent with the instantaneous amplitude. These two features 
make it easy to establish the evaluation criterion for the first-arrival identifi-
cation. For every point, using the instantaneous piece-wise constant ampli-
tude equal to the extremum value of the instantaneous half-wave that the 
point belongs to instead of the point’s transient amplitude, makes the ampli-
tude threshold easier to preset. The instantaneous equivalent period of the 
original signals was used not only for the evaluation criterion, but also for 
determining the location of the consecutive wave; therefore, the time win-
dows can be adaptively determined. The thresholds of the proposed method 
were estimated based on the reference values from the period information 
and the picking time results were stable. These are the main advantages of 
the proposed ITD method, suggesting that in most cases the results of the 
proposed method are more reliable and stable than those of the WT method. 




Using the time-frequency-energy denoised amplitude signals and the filtered 
equivalent period (frequency), we present a method for detecting first-arrival 
signals and apply it to simulated signals and manmade blasting signals of 
high SNR and microseismic signals of low SNR for automatic first-arrival 
detecting. 
The instantaneous amplitude and equivalent period information for the 
first-arrival identification were obtained by the proposed method using sev-
eral decomposed component levels. In general, the first decomposed compo-
nent of level 1 has some effect on the long-term-average amplitude and the 
average period for the first pulse identification in some cases; the second and 
third components are effective signals – the two maximum energy levels that 
contain the dominant frequency bands. The amplitude information uses the 
sum of the first several instantaneous amplitude components which should 
include the two maximum energy levels. The equivalent period information 
uses the energy weighted sum of the period components of the two maxi-
mum energy levels weighted by their average amplitude ratio.  
The first pulse identification depends on four amplitude thresholds and 
period thresholds, including the instantaneous amplitude ratio and instanta-
neous period, and the average amplitude ratio and average period of the next 
waves connected with the detected point. The denoised piece-wise constant 
amplitude is used for each point to detect the first arrivals; the abrupt ampli-
tude at the beginning of the first pulse makes the amplitude threshold easy to 
preset. The period thresholds were estimated based on the extracted period 
information. According to the equivalent period information, the adaptive 
time window was obtained for long-time average amplitude calculation.  
When the sampling frequency is low, the abrupt amplitude information 
at the beginning of the first arrival pulse is retained in the proposed method; 
for the WT method, because of the inherent characteristics of the wavelet, 
there exists a distortion and phase shift phenomenon at the beginning of the 
first arrival in the denoised signals. Thus, the picking accuracy of the pro-
posed method is less influenced by the sampling frequency of the original 
signals compared with that of the WT method. 
Compared with the WT method, in most cases, the picking results of the 
proposed method were stable, more effective, and more reliable. The devia-
tions between the results of the proposed method and the manual results are 
within 0.00±0.003 s in most cases, less than those of the WT method. The 
proposed method showed better performance in identifying P-arrivals of 
microseismic signals. 
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